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SUMMARY

Twelve lactating buffaloes were divided to four groups (three animals each) using 4 x
4 Latin square design. Animals were fed on control diet, which consisted of concentrate
feed mixture : berseem clover : rice straw (70: 15: 15, dry matter basis). Rumen protected
amino acids were added to the control diet either at 15 g Smartamine ™M (protected
methionine), (Me), 40 g protected Lysine (Ly), or 5 g Smartamine + 40 g protected
lysine (Me+Ly) for 4 months during lactation. Milk yield, 4% FCM (9.30, 11.41, 10.52
and 12.34 kg/h/d for control, Me, Ly and Me+Ly groups, respectively). Fat percent and
yield, total solids percent and yield; total protein percent, casein percent (2.80, 3.07, 3.02
and 3.28% for control, Me. Ly and Me+Ly groups, respectively) and lactose percent
significantly (P<0.01) increased with treated groups than those of the control. Also, milk
non-protein-nitrogen percent decreased {P<0.01) with treated groups than those of the
control (0.042, 0.029, 0.036 and 0.027% for control, Me. Ly and Me+Ly groups,
respectively). Blood serum total protein and serum glucose were increased (P<0.03) in
treated groups, while, serum albumin, serum globulin and serum total lipids were
increased (P<0.03) with (Me+Ly) and (Me} treatments compared with the control,

The observed data might suggest that methionine addition (alone or in combination)
was more effective than lysine. [t could therefore be concluded that methionine was
probably the first limiting amino acid under the present conditions. In conclusion, rumen
protected methionine and/or lysine supplementation to rations of lactating buffaloes had
beneficial effects on milk yield and compesition without any adverse effect on the animal
health.
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INTRODUCTION and Schwab et a/ 1992). Previous studies
support the hypothesis that the principal
sources of variation in the amino acid
balance of intestinal digesta are the
amino acid composition of feed proteins

The amino acid requirement is
significantly affected by the rumen
degradability of dietary crude protein.

The differences in degradation of crude
protein from forages and concentrates
and the dynamics of microbial protein
synthesis in the rumen have made it
difficult to significantly alter the ratio
and the quality of amino acids reaching
the small intestine (Seymour et af 1990

and the proportional flow of ruminally
undegraded intake protein and microbial
protein to the intestines (Rulquin er af
1995). Attempts to increase the passage
of essential amino acids to the intestines
by feeding protein sources with low
rumen degradabilities had variable
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success (Seymour et al 1990). Although
it is still not common to consider
individual amino acids when formulating
diets for lactating animals, there is
increasing evidence that the addition of
certain amino acids can improve milk
production and particularly milk protein
content. Two amino acids, methionine
and [ysine, are of special interest for
dairy cows as have been identified as the
most  limiting amino acids for the
synthesis of milk protein (Schwab er al
1992; Rulquin and Verite, 1993; Guinard
and Rulquin, 1995; and Rulquin et al
1995). Unfortunately, free crystalline
methionine and lysine is easily and
rapidly degraded by rumen bacteria and a
variety of approaches have been used to
achieve delivery of methionine or lysine
to  absorption sites. Protection of
methionine has been attempted by
formation of aminc acid analogues or
derivatives (Patterson and Kung, 1988)
or by encapsulation (Overton et af
1996). Lysine protection has been
attempted by using formaldehyde
treatment {Aly et al. 2005).

In this study, the diet of early-
lactation buffaloes was supplemented
with  rumen protected  methionine
(Smartamine™) and/or protected lysine
in order to study the effecis of these
supplementations on milk yield, milk
composition and some blood serum
parameters.

MATERIALS AND METHODS

This study was conducted at the
Experimental Farm in Shalakan, Faculty
of Agriculture, Ain Shams University
and Dairy Science Department, National
Research Center, Dokki, Giza, Egypt,
during 2004-2005.

1- Animals and rations:

A total number of 12 lactating
buffaloes aged 3-7 years were used in the
present study. The animals were divided

into four groups (three animals each)
according to milk yield and animal
weight, using 4 x 4 Latin square design.
The experimental period was extended
for four months (one month each period).
Dietary treatments were (1) control,
(2) control + 135g Smartamine™ M (Me)
(Protected Methionine, RHONE-
POULENC product, France), (3) control
+ 40g protected lysineg (Ly) (Lysine
amine acid product of ADWIA company,
Egypt), which was treated with
formaldehyde 40% according to the
method suggested by (Fergueson, 1975),
and (4) control + 15 g Smartamine™ M+
40g protected lysine (Me+Ly). The
control ration consisted of concentrate
feed mixture (CFM): berseem (B): Rice
straw (RS); (70: 15: 15) on dry matter
basis, Chemical composition of feed
ingredients is shown in Table (1}.

2- Management:

Amounts of daily feeds were assessed
to cover the maintenance and the
production requirements {Shehata, 1971).
The CFM was individually weighed for
each animal and offered twice daily
during milking times at 5.00 and 16.00
hr, while roughages were offered at 9.00
and 11.00 h. after accessing the animals
to fresh water. The daily supplemental
rumen protected amino acids were daily
mixed with CFM just before morning
feeding to ensure that each animal had
consumed its own supplement.

Method used for lysine protection
was as follows: Lysine was sprayed with
formaldehyde (40%) calculated 1o
provide | gm formaldehyde (HCHOQ)/
100gm crude protein (Fergueson, 1975).
The treated lysine was stored for 7 days
in plastic bags at room temperature
before being used.

3- Analysis of feed samples:

Samples of CFM, RS, protected
amino acids and feces were analyzed for
dry matter (DM}, ash, crude protein (CP},
crude fiber (CF), and ether extract (EE)
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according to A.O.A.C. (1995). Nitrogen
free extract (NFE) was calculated by
difference.

4- Sampling and analysis of milk:

The animals were hand-milked twice
daily. Milk yield was recorded daily
during the experimental period which
extended for 120 days. During the last
three days of each period, (30 days)
samples of milk were collected from each
animal at morning and evening milking.
Composite daily milk samples (relative
to the quantity of milk produced) were
taken from the two milking to determine
the total solids, fat, total protein (TP),
pH, acidity and ash (Ling, 1963), lactose
(Barnett and Abd El-Tawab, 1957),
protein fraction (Aschaffenburg and
Drewry, 1959).

5- Sampling and analysis of blood
serum:

The blood samples were taken at the
final day of milk sampling at four hours
after morning feeding from the jugular
vein from all animals. Collected blood
samples were centrifuged at 4000r.p.m.
for 20 min. and stored in clean glass vials
at -18%¢ till analysis, Serum total protein
was determined according to Armstrong
and Carr (1964), albumin {Doumas ef /.,
1971), urea (Patton and Crouch, 1977),
transaminases (GOT and GPT) activities
(Reitman and Frankel 1957), glucose
(Siest et al 1981), creatinine {Husdan,
1968), and total lipids (Postma and
Stroes, 1968).

6- Statistical analysis:

The data of milk yield, milk
composition and blood serum parameters
were analyzed according to Statistical
Analysis System (SAS, 1998) using Latin
Square design where the modei was:

Y =n+Ti+ P+ Ap+ By
As, Y: expressed everex observation of
the K™ animal in the J* period given I"
treatment, T: expressed the treatment
effect, P: expressed the periods effect, A:

expressed the animal's effect and E:
expressed the experimental error. Duncan
muitiple range test (Duncan, 1955) was
carried out for separation among means.

RESULTS AND DISCUSSION

1- Mitk yield and composition:

Effect of rumen protected methionine
and/or lysine supplementations on milk
yield and its composition of lactating
buffaloes are shown in Table (2). Milk
components yield are shown in Table (3).

Milk yield was significantly (P<0.01)
increased by including rumen-protected
amine acids in the ration. In other words,
Me+Ly, Me and Ly treatments produced
259, 176 and 113% more milk,
respectively, as compared to control.
These results are in a good agreement
with those obtained by Nichols ef af
(1998), Xu et al (1998), Iwanska et al
(1999), Younge et al (2001), Nofisger
and St-Pierre (2003) who observed that
milk production increased with rumen
protected methionine and/or lysine
supplementation.

The increase in milk yield may be due
to one or more of the following reason:
1) Higher dry matter intake, nutrients
digestibility and TVFA's content in
rumen of antmals feed on diets with
rumen protected methionine and/or lysine
(Aly er al, 2005), 2) Apparent increase in
the efficiency of nitrogen utilization as
well as increased conversion and
availability of nutrients necessary for
milk synthesis (Iwanska, 1999), 3)
Methionine and lysine appear to be most
limiting for milk synthesis because they
are both heavily utilized by the mammary
gland and are present in relatively low
concentration in plasma (Clark, 1975).

Yield of 4% fat-corrected-milk

(FCM) was significantly (P<0.01)
improved by 32.7, 22.7 and 13.1% for
MetLy, Me and Ly, respectively,

compared with control.
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Table (1) : Chemical composition of concentrate feed mixture (CFM), berseem
clover (B), rice straw (RS), samartamine'™ M (Me) and protected
lysine (Ly) (% Dry matter basis).

Diet ingredients

Etems ¥

CFM B RS Me Ly
Dry matter 91.29 133 92.835 95.93 94.60
Organic matzer 89.89 88.2 84.55 96.55 97.69
Ash 10.11 11.80 15.45 3.45 231
Crude protein 14.15 14.2 33 - -
Methionine - - - 68.23"" -
Lysine - - . - 63.61*
Ether extract 4.05 2.6 2.10 8.60 4.10
Crude fiber 15.33 27.5 339 0 3.30
Nitrogen-free-extract 56.36 43.9 45.05 19.72 26.68

* The CFM consisted of 25% undecorticated cotton seed meal, 35% wheat bran, 30% corn, 3% rice
bran 3% motasses, 2% limestone, 1% urea and 1% salt (NaCl).

** Total nitrogen is multiplied by {11.1).

° Total nitrogen is multiplied by (5.26).

Table (2): Effect of rumen protected AA supplements on overall mean of milk
vield and composition of lactating buffaloes.

Ytems Treatments

Control Me Ly Me+Ly #8.E
Milk yield (kg/d) 6.65°  7.82° 740  837°  0.129
Fat-corrected-milk (kg/d) 9.30%  11.41% 1052 12.34%  0.179
Fat content (%) 6.68° 7.01%5  6.85°  7.18%  0.035
Total solids content (%) 15.89°  16.37%  16.12° 1693  0.072
Solids — not — fat content (%) 9.2t%  935%  931%  975%  0.064
Total proteins content (%) 3.72°  4.00% 391 417 0.018
Lactose content (%) 4.66° 477% 474 495 0013
Ash content (%) 0.72 0.72 0.71 0.72  0.010
pH value 6.68 6.68 6.72 6.67  0.011
Acidity 0.17 0.17 0.16 0.17  0.002

Each value of means was obtained from 36 values (12 animals during 3 days).

Means with different seperscripts in the same row differ significantly (P<@.01).

C= control diet, Me = C + protected methionine, Ly = C+ protected lysine, Me+Ly= C+ protected
methionine + protected lysine
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These results are in accordance with
those reported by Overton et al (1998},
Nichols et af (1998), Bharadwaj and
Sengupta (1999) and Iwanska, et al/
(1999). While, Bertrand ef of (1998): Lui
et al (2000) and Sancanari, er af (2601)
reported that rumen protected methionine
and/or lysine supplemented ration had no
effect on FCM yield. Such discrepancy
might be due to the source of dietary
protein and its degradability in the rumen
and/or to productivity of the animal.

Milk fat percent was significantly
increased (P<0.01) with different rumen
protected amino acid treatments by 7.5,
4.9 and 2.5%, respectively, for Me + Ly,
Me and Ly compared with control. The
increase in milk fat may be due to one or
more of the following reasons: 1) higher
blood serum total lipids concentration
(Table, 5) with treated buffalo groups, 2).
Methionine in particular might facilitate
the transfer of blood lipids to milk by
furnishing methy! groups for synthesis of
choline and phosphatidylcholine, which
represent an important link between
methionine and lipid metabolism in
ruminants as demonstrated by Seymour
et al (1990), 3) Methionine might be
important for synthesis of lipoproteins
and that methionine and lysine facilitated
the hepatic secretion of lipoprotein rich
in triacyl glvcerol as demonstrated
experimentally by McCarthy ef a/ (1968)
and Durand er af (1992), 43 Higher dry
matter intake in treated groups (Aly et
al., 2005). It is possible that similar
mechanistns  of methionine and lysine
action in the mammary gland may be
responsible for the increase of milk fat
content. The results of this study confirm
the data of Xu et a/ (1998}, Vanhatalo e!
al (1999), Iwanska er al (1999) and
Sancanari er af (2001). On the other
hand, Seder and Holden (1999), Younge
et al (2001) and Kholif and Kholif (2003)
showed that milk fat percent was not
affected by rumen-protected amino acids

with cows and goats, respectively.
Species differences might be involved.

Milk fat yield (Table, 3) was
significantly increased (P<0.01) by 35.4,
23.5 and 13.3% for Me+Ly Me and Ly,
respectively, compared with control.
These results are in good agreement with
the findings of Nichols ef ol (1998) and
Iwanska et af (1999).

Milk total solids (TS) percent were
significantly increased (P<0.01} with
different supplemented group by 6.5, 3.0
and 1.4%, respectively for Me+Ly , Me
and Ly treatments compared with
control; similar  results of rumen
protected protein supplementation, were
obtained by Bahardwaj and Sengupta
(1999). Also, Me + Ly, Me and Ly
treatments produced 342, 21.2 and
13.2% more milk TS yield, respectively,
as compared to control.

Milk sclids not fat (SNF} percent was
significantly increased (P<0.01) with
Me+Ly treatment, while Me or Ly
treatments were did not significantly
increase (P>0.05) compared with the
control. In other words, Me+ Ly, Me and
Ly, respectivelv, produced 5.9, 1.5 and
1.1% more milk SNF present compared
with control.  Similar results were
obtained by Kholif and Kholif (2003)
who found insignificant  (P>0.05)
increases in SNF  with protected
methionine. With regard to milk SNF
yield, all treated groups significantly
increased (P<0.01) SNF yield by 33.3,
19.6 and 12.7% for Me+Ly, Me and Ly,
respectively, compared with the control.

Milk total proteins percent were
significantly  (P<0.01)  higher with
Me+Ly, Me and Ly treatments by 12.1,
7.5 and 5.1%, respectively, compared
with the control. The increase in milk
total proteins mav be due to one or more
of the following reasons: 1} The milk
total protetns response to post-ruminal
supply of limiting amino acids was much
lower on low protein (< 4% CP)
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Table (3): Effect of rumen protected AA supplements on overall mean of milk
component yield (g/day) of lactating buffaloes.

ltems Treatments

Control Me Ly Me+Ly *S.E
Fat yield 443° 547° 504° 600° 8.9
Total solids yield 1055° 1279° 1194 1416% 210
Solids - not — fat yield 612° 7328 690°¢ 816*  12.7
Total proteins yield . 247° 3138 290¢ 349* 5.1
Lactose yield 311° 3668 3528 415* 8.6
Ash yield 47° 56° 53" 61* 1.2

Each value of means was obtained from 36 values (12 animals during 3 days).

Means with different superscripts in the same row differ significantly (P<0.01).

C= contrel diet, Me = C + protected methionine, Ly = C+ protected lysine, Me+Ly= C+ protected
methionine + protected |ysine

Table (4): Effect of rumen protected AA supplements on overall mean of milk
protein fractions content (%) and yield (g/h/d) of lactating buffaloes.

Items Treatments

Control Me Ly Me+Ly <5.E
Casein content (%) 2.80° 3.07° 3.02¢ 3.28%  0.017
Whey protein content (%) 0.825 0.824 0.790 0.811 0.013
Non-protein-nitrogen content (%) 0.042%  0.029°  0.036°  0.027° 0.001
Casein yield 186.58° 240.41% 22325 27541% 390
Whey protein yield 54.75%  64.33%  58.66°  67.85"  1.65
Non-protein-nitrogen yield 275" 225 261° 2.25% 0,093

Each value of means was obtained from 36 values (12 animals during 3 days).

Means with different superseripts in the same row differ significantly (P<0.01).

C= control diet, Me = C + protected methionine, Ly = C+ protected lysine, Me+Ly= C+ protected
methionine + protected lysine

Table (5): Effect of rumen protected AA supplements on overall mean of some blood
serum parameters of lactating buffaloes,

Parameter C M:'rmtmenls}, Me+ Ly ISE
Total protein (g/dl) 6.90° 7.48° 7.18° 7.85% 0.076
Albumin (g/dl) 3.47¢ 3.67° 3.605 5.85% 0.057
Globulin (g/dl) 3.42¢ 3.80™8 3.588¢ 3.99% 0.086
A/G ratio 1.02 0.97 1.01 0.96 0.034
Urea (mg/dl) 42.10 41.14 40.33 40.65 0.760
Creatinine (mg/dl) 1.20 1.20 1.17 1.19 0.064
GOT (units/L) 34.08 33.33 33.58 33.16 1.31
GPT (units/L) £5.66 15.50 16.00 16.00 0.57
Glucose (mg/dl) 56.45° 64.83° 63.15° 67.89" 0.34
Total lipids (mg/dl) 280.50°  294.66°  281.91° 293.00° 427

Each value of means was obtained from 36 values (12 animals during 3 days).

Means with different superseripts in the same row differ significantly (P<0.01).

C= control diet, Me = C + protected methionine, Ly = C+ protected Iysine, Me+Ly= C+ protected
methionine + protected lysine

6
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compared with high protein rations,
{Rulquin and Verite, 1993), 2)
Methionine must contribute 5.3 to 5.6%
of the total essential amino acids in
duodenal digesta and 2.5 - 2.7% of the
total amino acids, respectively for
maximum content and yield of milk
protein (Rulquin ef a/, 1995 and Schwab,
1696), 3} Higher CP and OM
digestibilities and higher ruminal true
protein nitrogen when Baladi goats were
fed on diets with rumen protected
methionine and/or lysine supplemented
{Aly et al, 2005). These results are in a
good agreement with those obtained by,
Iwanska e al (1999); Lui er a/ (2000),
Younge et al (2001); Rulquin er af
{2001}, Kholif and Kholif (2003) and
Nottsger er af/ (2005). The Me +Ly Me
and Ly treatments significantly (P<0.01)
increased milk total proteins yield by
41.3, 26.7 and 17.4%, respectively,
compared with the control. These results
are in good agreement with those
obtained by Younge et af (2001) and
Pisulewski er af (2002).

Milk lactose percent increased
(P<0.01) with Me + Ly, Me and Ly
treatments by 6.2, 2.4 and 1.7%,
respectively, compared with the control,
These results may be due to a significant
{P<0.01) increase in biood serum glucose
with treated groups (Table, 5). Similar
results were reported by Sevi er al
(1998), who found that milk lactose
percent increased when rumen protected
methionine and lysine were
supplemented to dairy ewes ration.
While, Lui et a/ (2000) and Pisulewski er
al (2002) noted that milk lactose percent
was not affected by rumen protected
methionine treatment. Data of treated
groups show significant (P<0.01) more
milk lactose yield by 334, 17.7 and
13.2% for Me+Ly, Me and Ly
treatments, respectively, compared with
control. These results are in accordance

with those noted by Sevi et af {1998) and

Fahey et af (2002).
Milk ash percent was not significantly
affected  (P>0.035) by  different

experimental treatments. Similar trend of
milk ash content was obtained by Kholif
and Kholif (2003). Concerning overall
means of milk ash yield, data indicate
that all treated animal groups increased
{P<0.01) milk ash yield by 29.8, 19.1 and
12.8% for Me+Ly, Me and Ly,
respectively, compared with control,

Milk pH value and acidity were not
significantly (P>0.05) affected by dietary
treatments (Table,2).

2- Milk protein fraction:

The data in Table (4) represents the
effect  of supplementing lactating
buffaloes diets with rumen protected
methionine and/or Iysine on the milk
protein fraction. Milk casein content was
significantly  (P<0.01) higher with
Me+Ly, Me and Ly treatments by 17.1,
9.6 and 7.9%, respectively, than control
diet. The increase in milk casein may be
due to rumen protected methionine or
lysine supplementation, which produce
100% of the casein response in early
lactation and 47 to 58% of the casein
response in peak to med lactation
(Schwab ef a/ 1992). Similar results were
obtained by Blauwiekel er af (1997),
Bertrand et af (1998), Nichols et af
(1998), Overton et al. (1998) and Younge
et al (2001). Milk casein yield was
significantly increased (P<0.01) by 47.1,
283 and 19.3%, respectively, for
Me+Ly, Me and Ly compared with
control. These results are in a good
agreement with those obtained by
Nichols, ef al (1998).

Milk whey protein percent was not
significantly  (P>0.05) affected by
different treatments, similar results were
obtained by Younge, er al (2001) and
Pisulewski er af (2002) who found that
milk whey protein percent was not
affected by rumen protected methionine
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or/and lysine supplemented to dairy
animals ration. While Nichels er af
(1998} reported an increases (P<0.05) in
whey protein percent with rumen
protected methionine plus Iysine. The
overall means of milk whey protein yield
increased (P<0.01) with Me and Me+Ly
by 16.4 and 23.6%, respectively, while,
Ly treatment insignificantly increased by
7.3% compared with control. Similar
results were obtained by Varvikko er af
(1999).

Milk non-protein-nitrogen (NPN)
percent in ali treated buffaloes groups
were decreased (P<0.01) by 35.7, 31.0
and 14.3% for Me+Ly, Me and Ly,
respectively, compared with control
group. These results did not agree with
the findings of Varvikko er a/ {1999) and
Younge er al (2001) who reported that
milk NPN percent was not affected by
rumen protected methionine or lysine
supplemented ration. Values of milk
NPN yield were significantly decreased
with Me+Ly and Me (P<0.01) by 18.2%
than contro! group, while, Ly treatment
insignificantly decreased NPN yield by
5.0% compared with control group.

3- Blood serum parameters:

The data in Table (3) indicate that ail
treated animal groups had higher
(P<0.01) serum total proteins, albumin,
elobulin and glucose than control. The
increases of serum total proteins may be
due to the increases in the levels of
methionine and lysine in the blood,
suggesting  that rumen  protected
methionine and lysine were delivered
post-ruminally for absorption from the
small intestine. These results are in a
good agrcement with the findings of
Blum et of (1999) and Vanhatalo er al
(1999) who reported that rumen
protected amino acids supplementation
increased plasma amino acids
concentration,

The increases of glucose levels with
treated groups agree with those obtained

by KriBer ef af. (2000). This may be due
to the increase in TVFA's, whereas, the
increase in blood glucose level correlates
with an increase in propionic acid level
in the rumen (being the main precursor of
giuconeogenesis), (Demeterova ef al
2002). The higher serum total lipids
observed with protected amino acids
treatments may be due to methjonine and
lysine facilitated the hepatic secretion of
lipoproteins  rich  in  triacylglcerol
(McCarthy er af., 1968, and Durand et a/,
1992). Serum A/G ratio, urea, creatinine,
GOT and GPT were not affected by the
different experimental treatments, The
present values of GOT and GPT showed
normal activity of the animal hepatic
tissues and the results of GOT and GPT
concentration were in the normal range.
These results are in accordance with Xu
et al. (1998). Also, the creatinine content
did not significantly differ among
treatments. These results indicated to the
normal activity of the kidney. Kr&Ber et
al (2000) obtained similar finding. The
results of blood serum urea concentration
are in accordance with Pacheco-Rios ef
al (1999), Varvikko er a/ (1999).

Protected methionine and lysine
additions instgnificantly (P>G.03)
reduced the urea contents in serum and
especially in milk (Tables 4 and 5). This
is a very clear indicator of a relief from
protein deficiency at the site of the
mammary gland duc to an improved
amino acid profile.

CONCLUSION

The observed data might suggest that
methionine  addition (alone or in
combination) was more effective than
lysing, It could therefore be concluded
that methionine was probably the first
limiting amino acid under the present
conditions. Also, supplementing lactating
buffalo diets with rumen protected
methionine and/or lysine is
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recommended as a step in the field of
animal  production for improving
productive performances of lactating
buffaloes, - regarding milk yield and
composition. Additionally, these results
revealed that there were no negative
effects on general health of the treated
animals.
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